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3’WO  VOytlgCl  spaccc]afl ill(’ Cllll(.l,lly CAp!oril)p,  Illc olltcI ]cachcs o f  t h e
hcliospherc II) search  o f  III(  tuilillll(itill~ ,lIock, atl(l tlIc  l]clio]);i{]sc  boundary with the
interstellar medium. Will) llIc ]Ii)l(l]li.:1 t)! <cintilluillg  spaccc]<t{[  c)pc[alior}s  unti l  about
2020, tlict-c  is a high likclill(l(d  of ~)), 01 lhc sjjaccc]afl  pmicl]alill~  {)IIc or b o t h  of
these llcliosphcric fcatum.

‘i’his paper provides a d(sct  I}III\)I {If J1. Voy:igKI IIltc]slcl  ial h4ission  - the mission
ol)jcctivcs,  the spacecraft  aII[l s(i,}l(  I ],ii>l  ):ici, tllc Nlissiol]  oj)ctatiotls  SyStCIn, anti kcy
clc IncIlts  of the mission o} ILIat IO II\ I(~IICCjl! i]lclu(iillg  a ~icsclil)tio]l  of Iilultimissior]  and
auton]ation  il~]]>lcll]cl]tati~~lls  ti). il (’II; IIIC I( iIIccci ilitr,l~t  tcall]  sIafl’11111,.  Aiso included  i s  a
b] icf hislo]y of the Voyap,cl  i’l~.)jLL t ;III(i l~coll)lllcll~iatit)lls  fo] co]lsicict  ation by futule
plojects of’spccifjc  s])accct[fit/pl,)llli  (Ia(’i:;  aII(l  il,l])lclllc])l:itiol)s  :ispotcntial  w a y s  o f
rcxiucing  nlission  operation f:f)sls

lnfroduc.tion

‘1’hc Voyager 1 and 2 spacc( IAfi (W ‘) II::, L bccl~ ill fli{:l~t  fot- OVCI 18 years. l)uring the first
twelve years of’ this time period, tllc l\\LI S!1. ~ I ,.1 IIrnc(i a lvcalth of scicnlif]c  information about the
planetary systclIIs of .lupitcl,  S:ituI II, I J1, ii)\  ,,, ml(i NcptulK, at)ci tllc intcrplanctaty  m e d i u m
bctwccn  l;arth  and Neptune. At the I){jlil II IIIIjl ,Jf 1 ‘X)(), aftc] ovcx tivclvc  years in flight, the two
Voyager (VGR) S/(; began a Hcw SCIIIItI [i, (I l[lca~w,  the \~oyag,ci  lntustcl]ar  Mission (VIM).
‘1’his missions purpose is to clI;iI:icl  I. ii7t’ III( it~tc] plat]ctary  ]ncciiuln  bcyomi  N e p t u n e  ad to
search for the lransitioj)  region t)cti!’(t’11  [I[t. ll,liosf)l]cl~.  all(i  lbc itllc]slcllar  medium. With the
potcnllal  of mmtinuing  S/(: oilcI :it i[)tl:; IIlllii llIc 20?.() tilnc ~)c]io(i, the possibili ty exists for
rcaehinfl  and p a s s i n g  bcyo]k(i lIJC lIr!I(lIIaII.(’, p]ovlc{in~  tlIc opiM)I (u]lity to s a m p l e  and
cl]aractcrixe  the il]tcrstcllar  mc(iililn.  ‘1’111, :Irll{vcnlctlt  would p]ovicic an admirable finale to one
of tbc greatest scientific advcI~tuI cs of sjI, IuL llItI,i It, if’ not oflnal)kill(i.



Voyager  llisfory

“J’hc Voyager I’mjcct bcp,an  ill i ‘!”!7 {IIIIIL I the INIIIC MaI il)ct .tupitcr/Saturn  1977 (MJS77)
Pmjcct.  l’rior to launch, the projc{s[  )]i~tl)c ~ ,is ,, liut~{~,cd  10 \royap,c.r. ‘J ‘hc Voyager mission design

took advautagc  of a rare gcomclnc  dIIiIII:IIIIIKIl: of tllc outer l)latlcts in tllc Iatc 1970s ad the
1980s (occurs approximately CVCI ,V 1 ‘/5 ,’CLI  Is 1 which allokwxl  fol a f’ol]l-planet toLIr  by a single
S/C with a minimum of propcllal](  an(i 11 i)) I il~l IIy usi]l:[ lhc p,ravity of cad planet to bcncl the
S/(1 fligl]t p a t h  and incrcasc  ils I]cl](x(iil ! 1( t’clocity cnoNp,l I 10 (Iclivcr  the SK: to the
dcsti]lation,  the flight tiinc to Ncj~tIIIIc  ii: . I I.( I ‘(’(xl frorll 3010 12 yc;l]’s.

While the primal-y  objcctiJ’[:  ()( I i / / I I I
t h e  \~oyagcr  Pmjcct w a s  Iimi(cxi  1 u ~
conducting  explora tory  invcstip,atlt)]]s  , ‘
of the Jupiter a]d Saturn pla]lc!at)’  “’”’ ~f,~.+--- :; . ~ r 1 ‘;a Jr8) ‘ ‘*f”t’
syslcms (pland,  ll):lgllctos]>li(lf:,
satellites, and rings) and
intcrplanctaty mc(iiutll

‘,,. “!( ;ti(YgR

bcl\i  Cell \ ,’

Ilatth  and Satut n, the mission du:s]:I,]l  ,), “‘“ , ; ~)g<)~
included the option fol :1
continuation of tllc Voya{yv ;}

mission to l)ra]lus  and Ncptu]le, ‘1 llc
success  of the Voyager 1 S:it LII II

cncounlcr  allowed this optiol) I[i bc
cxcrcisc(i  and succcssfLIl cIlcou  I)tcls
with all fbur giant outer planets iIbC] c
achicvcd.  l;igurc 1 illustrates tl]c
trajcctol ics of the two Voyap,c]’  SK’

next

\

th”ollgh  tllc solar Systcll) [111(1 11’i~:lll(’  1 -  \’oy:IL:cI I /4 2 lIItcI”I)l:I  Iirl:l Iy ‘I”rajectories
includes the closest api>roac]]  (I:LII(S
at cad planc[.

“]’hc 82!5 Kg Voyager’  S/(’ [ 1.,;) I III IIS  III f] ,1111 con f]y,uralio])  is illllsttatcd  in Y’ip,urc 2.
l!, rl, ,, ,.
.,, .,!,, Kcy SK’ (Il]o]dclclisficx, ,,

“ ‘1’llr~c-axis Sliibilizali{,ll: suIl sensor,..!,>.,.! ,.
sl; (I lI~Ic}:cI, .{. a~is p,yI<N,.! 4,,.7 ,,

. ‘1’vo (i;[),lc(-~)1’-fi~c(l(]l]l scan plai FoIIn,,, ,!. i.( ., h.,.,? /,,11 4, .,,,.l! 1..<,,.! ● $lmn~l  ~ll~li]ll:/({(~\\,t~Iitlk,  X-b; iI)d downl  ink
“  l}ol~~(,ll  C!{L’[l<ll)iCS  l)~ls st!ll~[(l[~: ]()  bays
● RadIols(Ilojk’ ‘1 l~ci In(wlcc[[ic  (ic]lcrakw,,,, .,,!! !,

/ ,?. (1{’1 G) llO\\’cl Sulq)ly
“ Rcj)l oj:I:IIlll II: IIIlc coil II Iukts: (k]nputcr~.

Y?: C’OI)IIII:IIId  SIItIsyh[cIII (CCS),  l;light  IJata
(r. >!” !.!,., .!!( ,“. SillJsystL]]I  (1’[)S),  At[i[udc  and

1- Alilcul:tti(,[, Cl~,)[I(,l  Subsys[cIn  (AACS)
1.

● I lydid7i]lc  I)l[)j,ulsio]l fol atli(ude  control
I ,,. >,, an[i t[(liccl{,l},  c{)]l~.c{ion

/, .,,.,!...,.” !,. ,,, ● ‘I’IIL. I II IiIl l)l~IIlkcIs aI~d Iouvcrcd  bays/assemblies,,
“ l~l~[lmi  “1 ajIc lt(.C[JIdCI- (1)”1’1{); 8 Ilacks,

,. !. 536 IIji..~I,;I(JIls  cajmcity,,, i,, l!(., ,. .,,,,“ ● Si,4  I’i(:l(ls  ,I]l(i  ])at[iclcs inslrumcn(s,  five
4+”. i ‘M”” ol}lica  illstlulncl~ts,  ]adio  scicncc

&+./ l~ip,lltc  2 ‘\ ’’llJ’;l:Ll”  S/{’



l;mm Iau]lch,  in 1977, Ih][)uf:ll  Iii{ l{cjl (Il)c cllcoutltcl  it] I 989, periodic S/C and ground
system  ccmftgillatiol~  changes W(]C IIL{.C .;s,:r~’ 10 dral with: a bctlcr utldclstanding  of the actual
S/(1 pcl-fbrlnallcc,  capabi l i t ies ;  S~(; ~JLt IL II  111311,.r clIan\IL:s  duu to il]clcasccl  age  or subsystcm

almlllalics,  ami; S/[; cnginccrinyl  c}]aI]{I,c.~  IL V. LIII IIf I, f)()]t] [lIc  eve] ii]cfrasillp,  olmating,  distance from
tllcl;ar(l]  and Stll} [3,4,5].  ‘1’llcl]]l.~st  MII(ILI’  S/L' l]cllt)tll  I;ill(:cc ll:lll[',t:(  Jccllllc(loll  t>(JarclVoyagc~2
ill April, 1978,  whcm its prima]~j  lc~~ivi[ ;ilI,i [he [la~kirlg,  loop  ~ilcuit on its backup  rccciver
fa i led .  ‘1’l]is {l(l~ll>lcfail~lrcl~lcaill  t)lal  tltc I.l])llllk  (a]li([ rcccptio])  cal)ability  of the SK; had a
[~:i[~dwi(ltl~ofc~l]ly  ={ 100IIZ, illst,::l~i  U( [Ii, I I  I]jnai  1 1 0 0  K)Iz. ‘1’llis eliminated the rcccivcrs
capability for tmc.king the always ]J) t~t.  ))’ 1 )01 +I)lcr i]]~l~](:cd  frc:ql]c]]q  variations. As a rcs~llt of
tllCsC failures, [\lo{lll(l Systcll)  Ilt(l(li\”l(’{illl  III. II, !! to lx’ ilnplcnicllted  10 p]ovide  the capability to

vary the, uplink  carrier frequency I] ;III.11111  t(J I I\’ a I )CCI)  Space h’ctwoIk (1 )SN) tracking stat io])
in a luanucr  that prcscntd  a nca) cot~s}at i t ,It [ 1.1 frctlu(l~cy to t}ic S/[: lcccivcr. ‘1’hc techniques

dcvclopui in 1°78 to cope with tltis  ,i)t(Ii)(ti}’ itic still in usc today, K cy cnginccring changes
resulting, from a bc.ttcr uncicrslal~di}~~)  (JI 1 Ilc ,If.’tlliil  S’( I ])CI  f’01”11121[1(’C aIICi the cwcr increasing
opcratinp, distanec  from the ha] (1) ai](l  Sllll :11(. \ ll))lml  171.(i ill ‘1’ab]c 1,

Oangc
●  1979- V(il{  l&2 -  IlllplcnmlIlcLl  irl[,lj.

a)oticrn cot]) pcasalioa  asiag g,y III (II II [III II<

.  lo~~  .  V(i]{  l&2 -  Illlplcl})cl);c,.i  ;Illl,])]:f’r(i

ol)boald”  1) ’1 ’1< lnolllcll (aal  C;ill(  ( 11;+ 11(1:1 i < ); 11111
.  ]~~f .  \/(i]<  2- QL]alific(l 1111,1 >14.1s 1,1 (,il  1:!’ i

4 ]Ilsm pulsm Iathcl that]  Ihc 1101111:11 1 II I II, ,.
.  ] gg~ - V(;J< 2- Illlplcmcllt(d (!I1-LM,?I (1

ill}figiflg data colnpcssioa aIId }!, cc(I
SO] OIII(JI) data  ct]codiag

. ly~~  . V(;]< ~ - ]Ilq,lclml)tc(l  Il)l”lcclv’ll

gyro dlift  tam l-ate capability
.  ]()~5 - v~il{  2 -  M~(lifjc(l  ]’aIk(... ~i]ll(.,]li{

fm tclcmcl]y  data lcccp(ion - aII(IyCil
witl) [k~bclla  I)SN  antc}lna~

●  ]989  - V(;  l{ 2- ])SN  64 M ;IJI[trII);{,
ct)lat~cci  to 70 M

0 1989-  VCil{ 2 -  h40(iificci VCI~  I  i,!{:.  ‘.11  y

(VI A) :il)t(V},MS  fo]” k’h,,d,y  ,CL I.,)1,,,,
atlaycd  with (;ol(istouc I) SIN aIIII.i IIj;  I\

●  1 9 8 9 -  V(;R 2- I ,Cllgtllcllc(i  Call,,  i:,

Cximsur’c  capability
.  lg~g - V(; ]{ 2- IIlq)lcmmtc(l l\\ (1 !1(’1’

lmagc  mot]( )]] cotnpcasati o]) tc~.ll[i](!ll~  .,

JIcldi(
●  Allowc(i  IadI() scicllcc  lill]h tlackiag ad

[alg,(t  bmiy t[~ickil){+, fo]  CI(W satcllitr flybys
●  l{(dLIwd iltlc]iidiol] Irlwfccl) t h e  1)”1’1{ aad

1< ’sullttlll Sl(’ 1110! 101)”
●  I<u{III(  L’d al[il{ldc c(ll]tr(ll dlifl  latc rcsu]li]]g

Ill l(’,ill CCd illla~C  SII)C:II dllllll~ k)]lg CXI)OSLIICS
●  All[>\vc(i  ncal  Sat LtTJP  lcicl volamc of itnagiag

d:I!a I(1 be lctu]lml  at lllat~a<  and  Ncj]tuae
(Ils(all(.’cs

●  Allo\\cCi  II IIZ~,C  ])]otio])” co]ll])casatioa”  fm
CI{)SC  h4iral]&~ flyl~y OIMCI v:itions

●  Illclctd lclcl IIctly I(xcl)tioll  (iata Iatcs
.11 1)1,11 )[1s (I ISUIIICC

● ltIc IL.Id tclcllw(I > lL..cjItku I data Iaks
:il Nll)l[lllc (ilstall ((’

s lII(ICIW(i (cl(IIIclIy  ICCCIIII(III  (iala Iatcs
iit h’~]lt{)ttc ({ Ist;III(c

“ Nc(’(1’{i  to amolllln(,d;ilc  l(m~~, Cxposalc
(i Lll,l{loll’S at hlcptul](t

●  Nc(d,xi  10 l])il)ill)i/c )lI)aF,c sn)caI  (iu Iit)g
l(~I~JI, LXI)OSUIU  dalitiol)’s at NcpIuac

‘1’ab]c  1  -  SIIIIIIIIi41 ) {If );cy lil~il)ccting  {:lIa IIgcs

While the two Voyager S/(’ llitf ;l I It ,.f.i ]):11 [i:ll  c]lgIl]ccIilI#,  .sllbsystcm  faiiurcs and
~mrlorinal}cc cicgra(iation,  both S/(’ ;IIL still fIIlly laixil)]c of sllppol-tit~{:,  llic VIM l)lission/scicllcc
crbjcctivcs.  13uilt-in  rcclundanc~~  :iI]d tll~ ,illilih t o  IC])logtatl]  tllc  lltrcc flifillt  ccr]nputcrs llavc
pcrll]ittc.(i  acicquatc work-a roul](is  l’{)] t 11( ;) IO I)II IIIS cxi>uticnceci  to (iiit  C. 1 lowcvcr,  bccausc  of
sllbsystcn~  failurrs, each S/(1 is IIot\ VI II 11(1, II1< II I :1 sit~p,lc  Imint of’ faiilllc. 011 Voyagcl. 1, OIIC of
tllc l;l)S mcmmics Fdiicti  in 1981, aII(i j’;i II III L: 1,11’ [\ IL” scton{i  l:l)S nmnol  y would result in cnd-of-
Illissio]l. on Voyager 2 the p] Illi:i[  j’ lt’t~iitt I ,iilc{i i]l I  978, hol~’cvcl, Fdilllrc  of tllc SCCOIl~

rcccivc,r wou!d  rcsuit in loss of coiI~tll:]II(l  ‘1’,.  ~.1) ton (’ajwi)ility,  but  not  ctl(i-of-]l]issio]l.  A back
up scqucncc  storc(i in the Voyagct .) (’(’$ IJ:Ct IILI y wol]t(i (.ol]tit]lic to oj)clatc tl)c SK; an(i r e t u r n
scicncc  data untii  ‘?017.



‘1’hc limiting lifetime consul IIalIli:  ~w 1)011) S/(’ is dccluical  lJIJwcl.  ‘J’llC  R“fGs currently
provi(ic 336 watts (Voyager 1 ) allil  338 \vtl[i’ (\”c)ya{~,ct- ?) ofpowc]  and arc degrading at a rate of
abo~lt 5.2 watts/year. llxtrapolatif)l]  {J~ III:. ]ICI  (orII>aIIc~’-to date ii]tlicatcs an ability to stlpport
scicncc  (iata returl] until al>~lroxill~:]l(’1)”  1(1; ’0. I 1 ydt axiltc  tilcl is li{)t a factor with the quantity
available (34 kp, on Voyager 1 al]tl 30 i j:, (H) \ oyaj’,cl 2) being, sufliciult  to maintain attituctc
Colltfol  Well beyond 2020.

Voyager Interstellar Nlissio]]

“1’hc f[lndalncntal  V I M  scict~lc  (11)1( ,tiic 1~ to ill\ cs(ig,alc  tl~c IIcliosphcric  ad intcrstcl]ar
m e d i u m  and to daractcrizc  tllc  1111(1 acli(l)l I IL[WCCII  lIIC two. ‘I’l Ic :iccollll~lisl~lllcl~t  of this
objcctivc  lcql)ilcs  tllc continued C)l)CI i{ll(~ll (~1 t]) two \ro~’af,cl  S/(; iiil beyond  their initial lifetime
rcquircmmt of the four years nwcssaty 10 III\ ~s{igatc  tllc .lul~iter,  ald Saturn systems. After
ovcJ ciglltccn  years of flight, botl I tlic (’tIpitII{t ill~’, sullsystcl~ls a]d tllc  seven science imtrumcnts
capable of providing data related to t{ IC \’] ?1 >~]l~ctj~c, ( f  MA(i,  1)1 S, 1.1;(11’, C.RS, I)WS, 1’RA,

lJVS, scc l;i~urc 2 for lcgcn(i) arc slill iu lc ~(JII ltlg, mfit]l sonle pm foI [nancc  degradation, on each
S/(;. ‘1’ypical  VI h4 science objcdi Jcs a] c s  1111111 ;IIZC(l ill ‘lablc 7.

.

,

.

●

●

(I)amclcl i7c ll)c wolt;tim of the SOI;II \\il IIi * S(L(IILII lot Cvidctlcc  of itltcl>lclla]  hydlogcn
uritll itwtcasit]}:  distallcc flom  Ihc SUII aII(l II CIIIIIII fiol]l tlIc IIitcJslcllal  wind
olwvvc solal  cycle va~iaticm in tllc f.llsl:ltll I ot15cl\ L ald dlatactcli?c  tllc  tcllnination
iIIlc Il)la  IwtaIy I])cdiom SlICICk (, ftl Ir supcIs[)IIIc sola  I wind

IIlvcstiga(c  Iatitu(iina]  variations ill 1111.’ , ~)l,~cl,, al)(l c]l:itaclcl  Izv tllc hcliopause
in[uplal)clary  Incdium I Ot)scr\  c tllr l o c a l  i],l(lslcllat Incclitm
Scald) foI low-cIIcI gy cosmic rays al~[i associated Iadi(l clllissions
(31amclL’li7c pal[iclc accclcratio]l  al)(i ]~lt(il, i 11,,1,]  I , O!,~C,,  c ,~(lic, ctnissi(,[,s ffw]l  lhc Sun and solar wind
aIi7alioll  tllccllal)ism in the intcl])l:ilt~l:]] } III( JIIII II ‘ h4(1]litt,l tl)c CXIICIIIC ullla~riolc(  cmissim]s  ofthc Son

T a b l e  2 - ‘i }Illi:;!l \ I Al Scictlcc objcclitcs

CJ’hc two Voyager SK; arc put SIIIIIj!  t ilc\c \’] hl scicllcc olljcctivcs  floll] positions above and
below the ecliptic plane. ‘]’hc Voy;i/I,LI 1 %(III  I I flyby t~’s~lltcd  i]] tllc S/(; being chdlcctcct  out of
the ecliptic p]anc to the north al all iitl~lc  01 .\5.5’) in the gclmdl  dilcction  of tlic solar apex.
Voyagcl-  2 was dcflcctcd  by Ncpttlll(  ill a (lllc~ {Ion sou~li  of IIIC cclip!ic  plane at an angle of 48°
and abo~lt  90° away from the dilt{li(~]l (JI \’ov~t’,cr  1. 1 ‘IfIutcs 3 all(i  4 illustrate SKI heliocentric
dislancc  atld heliocentric Iatitu(lc  (v,’itil IC.lWLI 1, } lhc cclll)tic plane) itlfmlnation.

,,, ,, ., !,, ,, .,,
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Rcccnt  cstima[cs  of the tcr[llillal  1o11 slit)t; locatic)ll  lali[:,c f’roln 60 to 105 astlonomica]  units
(AIJ), and the hcliopausc locatio]]  cs[~IIIi!tL\  I, Iip,c (iotl) 116 to 1 ‘/’/ A(J [6]. IIoth of these goals
lnay bc acllicval)lc  within the ploj((’[(~i II lti[IIII of tlIc t w() \/oywp.ct  S/(’. \Toyagcr I is currently
almu( (xI AIJ floln tl]c ,SUn, travclill{,  :It :; s~)t.c. i of al)(l~lt  3.() A(J pcJ yea], a]ld will reach 15(I A(J
ill 2020. Voyager 2 is cmrrcnlly alml.lt  <19 A ( 1 I i on] tllc Sun, tlavclillp.  at a slower sped of about
3.1 A(J per yea]-, and will mad 125 A(’ It) ;) O;’(l,

Scicncc data rctum (iuri]]p, \/lhl 111 Ir. ~)] )Illariiy  01] Ical tilnr tc.lclnctl  y ciata capture using
34M I)SN tr:icking  stations. ‘J’lIi  IMIi I)Id (iiiI:: Ialc is I 00 bps of w’llicll  150 bps is science (iata
and 10 bps is cvlp,  inccring  data.  Sixt(”~l~  I OIIIS II{ I day O( tlackinp. sulqml i prr S/(; is the tar~ct for
scictlcc (ia(a acquisition. ‘1’ilis (tit [1(.’\ II: . I)c(I acllici:ll~lc  in the ]msl  but the cxpcctd  f u t u r e

ilncasc  in missions being suppo]  [C(I  I)y 11)~ ;, IM 1 )SN tlackil]p, staliol~s  will rcsu]t in reduccci
tracking station availability fo] \l!M. As t],~rk IIIH s~ipl)~)rt  is Jcduccd,  the ability to characterize
tllc IIcliospheric  ]nc(iil]m i s  (ic}I,I  d(l(’(i !VIIIIIIIIUIII s,:ictu d;ita a[qllisilion  rcquircmcnts  v a r y

bctwccm  12 and  4 hours  pcr day ]NV 5(.’ I:lL jw}!:i]llg,  on llIC spmiflc i]lvcsli{lation.  ]n ad(iition to

tlw Ical tilnc d:ita,  48 scconcis  of IIi[l)i Iai,:  ( I I \ ? K l)ps) I’M’S  datn is Jcco]chi wcckiy  onto t h e
IN’]{ of each S/(’. ‘1’hcsc data 81C l)la~l,l  II;IL  k ‘I \JcIy (1 II IOIIflIS  pr(~vi(linp,  incrcasc(i temporal an(i
spectral I-csoiutioll  snaJ3shots  of’ tl)t 1 Ila 1)1, I IV; IVC itlformatio]). I I I\F,lI  rate 1’WS rccor(iing and
p l a y b a c k  w i l l  continue  until 201 () (\’{}J’,i,:r  1 I ;:t)ci 2012 (\/()>’a{:cl 7) }vllcl~ tclccolllllltlllicatiolls

capability will 110 longcJ suppoII  IIILI lllitlwl}ll~l~  I )’1’J< pl:~~’back data Iatc of’ 1.4 Kbps.

Mission Opcm{ions  Syst VII] I )L’scti])tioll

‘1’hc M i s s i o n  Opcratiol~s  Sys(cII~  {AIOL) is tllc collcutioll o f  IIarclwarc  an(i sof[warc,
facilities, l)crsollnci,  and procc.(iu)cs ll{ili;t’li 11, I c]notc]y lllonitor  atld  cojlt  to] the Voyager SK;,
and (iclivc.r  data pmiucts  to cn~,inml  tl]~~ a]r(i SCI, IICC iIsrJs. lnclmicd  i]) tl]c MOS arc the Gmun(i
l)ata Sys[cIn ((;1)S), making  cxtcllsiit  US.  (If” it-.’itu[ioll;llly suplmllr(i  ]l)ulti-  mission  groun(i (iata
systclll  clctllcllts,  two  proccss 01 iclll~cl  ~ [I] )Iilll,  an(i (i{)lvl]lij}k)  fli:),llt  oi)clalions  t e a m s ,  anti a
IIlatllrc  ct)llcclion  of operating pIOL{Xl LII LS 1)1,11 1 I\c  tJI(Jlicd tl]lt~up,l]olll  tllc Iilissiol).

Ground  IIaia SystcIIl

‘1’llc systcll]s  t h a t  comptisc  tl]c \’P):i}I,(I  { ;1)S ((itca 1 996) alc the ‘1’clcmctry systcm,

(hll~tllan(i Sys(cIn,  Scqucncc  S>IS1(:III,  S ’ (  ‘ ‘Iillalysis  Syste[n, 1 )a(a Rccorcis  Systcm,  an(i
Sil~llllation  Systc]n. ‘J’llcsc  systc]])s iil( ,1)11  Ilillcd aclc)ss t h e  gld)c, fi 0111 the 1 JSN trackinp,
statiol)s  to t]lc Pdci]itics  a t  ti]c .Tct l’lt~l,~ll~i(l;l 1 ,alx~h~tol y (J]’] ,). Voyap,cr’s (;1)S  has been
cxtcllsivcly  mo(icrllizcd  since the N(:l J[~IJI, LII~ ,Iillltci  ill 19X9.  M’itli  tllc cxccpticm  o f  a  f c w
Clclncllts  (I[ilizui for scqucncc ~cltrltlli~~[l, ,S (‘ : I;llysis al~d sul)]~m  [ of” Icmotc  invcsti~ators,  t h e

e n t i r e  (iJ)S is con]i~oscei  of taik~~c.{i ll~~l[i~l~is  1(~])  conllmncnts, ‘1’}lc (;1 )S core pmccssing
Clclncllts  arc (If ti)c same linc,agc,  as II II, )SC :.i)/)]hI ling (iawini, tllc Nlals i)rogram,  and O1lICI ncw
missions, ami arc. kept current tl~lo~]~:ll ;IIJ a lIi’c I(st  1110:,1 Hm I)rt)vi(iili{!,  pmiociic  G1)S upgra(ics,

(hlncctivity  bCtWCC1l  thC i)SN !;lil! 1(1]. ::I!:I the ]o(al (;1)S at .li’J ~ is accomJ~lishc(i  via the
(imumi  (’(~l}~]]l~lllicatiol]  Facilily  [( i[’1 ) h’(~ {{~1-k colllllll]t]ic:{tiotls”  iinks provi(iing  tnissioll
supporl il~clude  a “C~itical”  ],ocai  AIC;I ~[,1 i~(): ): (] ,AK1 ) lv])ic]l Coll[)CCts  a]] Voyager-rcsi(icnt
C] ClllClltS  ([l]> ]}l-OXllllatC]y  tWCJlty-fl  VC 1, ~ pi i ‘j; ~’,’(~’  i,~t:i[l(~lls)  Of” thC ~;i)s.  ‘] ’]IIS J,AN 1S COllllCCIC(i
across  a g,alc, way to the C;CI; awi to li IL’  i IS’*J “ilCklll{!,  slations, atl(i is the carrier of incoming



tclcn)ctry and scicncc data, an(i of oll[~:oitl}l,”  L{) ! ll~~all(i  tl tifflc,  (’oIIIIcctcci  to this IAN arc all the
lnLlltimissicm  coIIIpcmcnts of IIIC (;1 )S, : \ wt. as otl IcI g:itcways  lcaciilq:  to other projects and
tl)cil] llissiol]-dcl)cl] (ic])t l,ANs, l’igll]( 5 I)IIJII  lt`sal)  tJicl~icl\(ii:  l[~,lal]l  () ftllc VoyagcrGIJS.
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Multi-mission tclcIIIctry  flol][clld  jIIIIL( .,\IIg clcIIIcIIls  ((ill’, ‘ 1’1S):  (1) (ictcct and remove

frame an(i packet fomat  structulcs:  (?) ILIII,  )VC  ciata  Ilallsport al(ifacls  an(i (iata rc(i~lnciancy, and;
(3) pmvi(ic  rccovcry  from lost, nois}’ aIII.i (Ii.{.)]  {,~(~ix(i  (i:tta,  l)ata aIC l)loa(icast  over the 1,AN to
I)lojcct work stations in real-ti]]lc aIIii  :IIi( S( II cxi it) tlIc (’1 )11 fo] latc~ access. W o r k s t a t i o n
access to rctricvc  non-real-time (i~tit II\t:,s III<  (I:I; I rctl icial tools” l)h41 ) an(i  ‘1’1)S.

in tllc S/(’ tclcmctry analysis tih,i :111  i:[ll Oll”lal C\l tCICll]ctl}’ al:lln]  lllonitotin~  tOOl w a s

[icvclopc(i during  the VIM to cJIal)l L tlIC Cl II~IIIII’ ion of :il(~tlll(i-tl~c-clock  lnissicm colltm!  support.
‘1’his tool, VAh41’11{1~.  (VoyaF,cI  Aliirl)i  !,lol,i{or I’IOCCSSOI  IIlcllt(lit]{:  Rclnotc  llxamination),
pl’OCCSSCS  t]lC bloa(icast  tcJCl)lctIy  (jf{tii, d,’li(l: ;IlatII1 ct)l](ii[ions,  aI~(i initiates contact with ml-
ca l l  pcI-soIIIIcl  via a sccurc  (iial-back II I(KILIII  \I,lI( I ccI [a III aIIoIHalous conditions occur. A sccmd
automatic]) tml MA R\~f{l,  (h4f)IIIILJI ~AII:Il>,  <[ Of Real-tiillc \“oyagcr  ]:,l}gincc,rillg ] ,illk),
(icvclopc(i prc-\rl  M, ]l]onilors C( ‘S/1 1 )S [’.’]1 III,  II y data and dispbys OH a w o r k  s t a t i o n  scrccn
ally Coll(iitiolls  tl]at  arc not as plcxlictc(l,  ‘1 )1{.’>(. ,I[lto]luitlon  tools  lIaJ’c provrci to  bc va]uablc ill

maintaillit]~ high Inissicm rcliabilit)’  (iu I IIIp, si~’,l]ij  ICaIlt (io\~wsi~in[:  of tllc fli[:ht team staffing Icvcl.
Since llIC hlcptunc  cncountcl,  tlIc \~C)\lJ;I;I,rI  1 )ata RctoNis  Sys[ctII  (l)]{S) has cvolvui  from a

I>toicc[-[ltliqllc  n~aitlfralnc proccss]l~~,  s}’sttl~l  1[) ,1 l~~(~lkst:ili(~lll~:isc(i  sclvcl capability. ‘1’hc  IJICS
“scicncc”  server is conncctcd  to fli~.:1]1-(f  lti. ‘II p(II lio]is 01 the G] )S tl)l-oup,h a gateway to satisfy
sccllrity  rcquirclncnts. (~onncdioll  III)  tl]li lllil’’lllCl’  alloi!s  t h e  sciulcc colnlnunity  timc]y and
Ullcolnplicatcd access to scicncc  p] (j((’sslt],) I[itl lions, s[(~rc{i  (iata, s{;III(iar<i  (iisplays,  e t c .  “1’hc
SCI-IICI- proccsscs  law packctinxi  scicl]~l. ,111~1 III,lILIII1(.111 healtl)  IIlol]itoring  d a t a ,  aIIci provi[ics
sllori tcrl]} (iata stmagc. ‘1’hC SC] t’cl sIlpll{JI  (: Il)c ~,cllCr:{t]oll  of lxpclilncl}t  l)ata  Rccorfis
(]{])i{s)  Whld] a,c c]cctrollically  t,allsf~l[’1 1 till,  SCICIIC( ~C’~11) lllstltll[lOllS,

“1’hc SCqUCIICC  Systcm  r e l i c s  (JII  o I I IX [III ( of \’oyil~J,Cr-tll  ll[lll(” all(i IIltlltilnissioll SCqLICIICC
gcllclatioll sof’twalc, A l l  compol~cl}ts  of I;I( S(,lmm Systmn lIavc tlansitione(i,  or arc in t h e



..

pIoccss  of tmsitim  tO UNIX lllalji]r~i~.. ‘1 1 I, \~f)y:i~,~~l-tltli(tllc  jwr(ions  Of the system pmvidc
fm scqucncc  block parameter dc~lllili(~:ll  A: ((lit  IIIg, scqumcc COIWI  uction aIId scqucncc  validation.
Multimission  mmponcnts  illtcl  Licf u) [III.  t ‘omnan(l Systc]ll (d fully lnultimission  s y s t e m )
where command generation, tlatl(.lall(lll, Itiil)sl.t to a I)SN station allci ~a(iiaticm  to the SK occur.

It was mclltioncd  carlim llIat \7(J’)’il{’,Cl  ac t ive ly  pill SllCS a Icsting, program to mainta in
currency witi~ the latest multi mlssio]l c:llhll)iil  tics. ‘1’ilis is ammlj)lishcfi with the use of a test
bcd where ncw software is installui aII(i lIa Iu + apat)iliti~..s  tcstc(i  il~ a fliy,llt-like cm~ironmcnt. ‘1’lIc
VOyagc]  test bcd is tyi)ically  Colll])()!i(’ii ~)f” :i.vmi flI{:ht works ta t ions  and a fiic SCI-VCI. ‘1’hc
Voyager test bcd confi~urati(~ll  is lIaIIL;III II), ,<II ,(i at c~)lll})lctiol) of’ aI)y test ac t iv i ty ,  works ta t ions

alc rCCX)Ilfig UI-CCi  for flight supp(JI t II SIII}I, III( CII ICII1 opc]ational  vcI SIOn of (;1)S sOftwari.

]~lighf ‘1’cam Organization]

“1’l]c  \~oyaflcr fligl)t tcaIIl olp,iilil/fidi(lll i I)llilt  aloull(i tllc ti}ro  t):isic o p e r a t i o n  proccsscs

(uplink  and (iownlink).  l:igurc  6 Ill[I<IIit s [i~c \’oyap,cI l;light ‘I’ca III oj:,al]i~.ation  with an lJplink
‘] ’CaIII aIICi a ])owl]lillk  ‘1’cal~l, {{ll(i  III( f“(III( i IOIIS ])CI lo~IIIc(l, A(itiitiona] operations functions
inclu(ic  pro.icct an(i mission IllatIIIj~,(’III(:iIl :1(.l]l~lilist];itil’c  SLI])l)OII, ar)[i suppor(  of multi missim
a~l(i VOyagc.1-unique ha~(iwa]c  aII(l st~’’tt’l  al I updatrs,  ii}clu(iin}l  dcvc]opmcnl,  Icsting, anti
configlllatiol)  Ii)allag,clncl)t.  ‘I’i Ic LIIIIti Il t Ii;:’lll  tra III staf ’lin~, icvcl i s  :Ibollt  25 imc)plc  will] tcalll
pcIsoIIIIcl CI-OSS trail)c(i 10 pcrfot III IJlultil 1 1 (  ol ( (ations f’ullctiolls. ‘i’llis cIoss training, comhincd
with the (iclction of sclcclcd  lovtI  iIl l(~) il’( (l)(’latiolls  tasks, is cssrl~ti:il  to accompli  sllin~ tllc

ncccssal”y  f u n c t i o n s  wit]) tl)c lill~i[t’(1  I)(I J(IIIIII I a\’ailal)lc  fol IJlissioll oi~crations SUppOI-f. Witil
fullhcr staf~~ng,  l-cductions, ad(iitiol]al  L I (1 ;s1 I air IIIIK al)(i t:isk (iclctiolls will hc ncccssary.
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[Jplink ‘J’cam Dtwriplion
‘1’hc Uplillk “1’cam pcrfollns a l l  lLII  I(  Iiol IS  nccrssaly  to gc]Ic]atc  S/(; Cvcllt  scqucnccs,

colntnand  files, an(i to transmit al)~.i  LOIIf  II III ~OII II IMII(i  S scn[ to ll)c M:. ‘1’wo basic proccsscs, the
scqucllcc  generation process al)(i tl]( 1(’:11 lIIII)L (VIII  IIMI i(i pIoccss, pmvicic tbc mechanism for
:lc(:ol~]]llisl]il]g  tl)csc ful)ctions.

‘1’])C SCql]CJICC  ~CIIClatlOll  PI”O[’(’SS  ]){’}  ”1111’,  V It]]  th(!  (I)l]cdloll  of s~(~ adlv]~y  ~cqllcsh  (SC] CI)CC

ami cllginccring),  which arc coml)illc{i  ilitt) a LO I iflict ~Icc scqucIIcc (Icsig, tl (a timclillc  of scqucncc
cvc])ts).  IIasc{i on this sequence (i(~si~~lli  a I ih)r t ~ILicm:(i iistillg,  of all SK; events is generated ami a
sc(iuc]]cc  silnulaliol] and valiciatiotl  ])CI It)) lt;{(i ,4 COIIIIIIa IKi file is tllcl~  ~,cllcratcci,  valiciatcci  for
comxlncss,  an(i ma(ic avaiiablc  f{)l  lI; iII\IIIIs.1(111  10 IIIC S~(:.

‘1’hc real-time comm:in{iil~f,  III occss I , IIscfi  (0 l(m(i SK cvcllt srqucllccs  an(i nlo(iify the on-
boar(i  S/(; configllratio]l  an(i/ol  tl]c r.xrLIIt II I{ s[.!(lcncc, ‘1’hcsc ojmations  cotlsist of generating the
rcai-time comman(i  rcclucst,  cool(iltla[ill[’  ;Itl(i I(’ Icw II)p, IiIC I-c(iumt,  l)c~~otiati]]g  the I)SN coverage
fi)l Ili)ii])k trans]nission  an(i (iow]li])l; V(SI fi, (lti JII, g,ctlc]dtill~,  the cot]ltnall(i  file, transferring it to
t h e  I)SN, and Inonitoring  the  tlalls))lisii )1, (JI [I]c mlIIInaIl(is atI(i tlIc vclificatioll of tbc S / C
receipt of the comman(i  a Rou]l(i-’l’lil)  1 if III ‘1 ill)c (){’I’1 ‘1’) iatcr. ‘J’ilc Ionp, 1<’1’1  ,’1’s involvcci (17
houls  for Voyager 1 and 14 ho(l)s i~)] \’, Vi ,1(1 ?) ]tsult i]) cotl)l]mld  verification probably
occurring with a (iiffcrcnt  I)SN stit(l(}ll at I[i (ilffct c)]! plqicct pcIso]~ncl  than performed tbc
Collllllall(i  translnissioll,

l)o}vnlink  ‘1’cam l)cscription

‘1’hc lhwliink l’roccss bc~i~}s at ill. :; ’(’ v;hclc  st; itc, slatus, aII(i  il)strumcl)l o b s e r v a t i o n

sal]]]~lcs alc intcg,ratc(i  i]]to a f[)] lll;it[c~i (i il.: SII (’aIN foI tw])s][]issio]~ to I)SN t r a c k i n g  s t a t i o n s .
‘]lc 1 hwniink  l)mccss cncis with i.iclili’l  ~ 01 utllllmi[[c(i  (iata produds  to scicncc  investigators.

“i’hc l)ovwllink ‘1’cam is Icsi NIJlsll,lc  f(,) II( c:i])t LII1’, (oll(iitiollil]p,,” ami (iciivcry  of scicncc
all(i allciiiary  (iata colninittc~i  by 1]1( [IIL)I,L I {(J cx~)rlill)clltcrs, as wcli  a s , ail (iata rcquirc(i for
lllollit  O1”iilg,tl  lcstatllsof  tllcVoy:l~~,C’1”  S’(’.

'l`l~cl  )(~w~lllil~k 'l'calll also ])lt]j~i(it\:l  l:ily<~(Jf  S/(` :ill{i scicncc illstlumcnt  pcrfbmance  and
ilc:iilll.  ‘I’tlis  tcall}cvaillatcs  S/(; :lll(ii  tl~[flltli:tl slat~ls  zi~l{iil]st  cxl)rctc(i  I)cl(k)llllallccall(i  initiates
rccovcry  ~ictions  for ail S/C; al]ollhilit~. II!( l)owl]link  ‘1’caII) plovi(ics  il~puts  f o r  the ui~link
lJl(~rcss:  isllcccss;ilyt(  )gcllclatccll  [l,ill~t.til  !I (a illlati(~tt  ;Illd  I)clforfllailcc data I)ecdc(i  to evaluate
S/(` lJclf()lll):ll]  ccall(i]l c:llt]l,at  l(ii, ](, tl(i:s;  ,r, ~l[ccss t31yS/(statL  >:ill(i status  (iata to preciict  S/(;
bchavim  f(w real time moni{orinp,.

Mission Opcralions COIICC]J(

\~oy:igcllllissiol]  opcratiol~s ((lll~i~l  (~1’l!l:lil)t;iillill}~  SK; llcaltll  :in(i safety while obtaining
sui’ficicl~t  l;iclcis, ]’arliclcs,  an(i \4’alcs (1 I)\\’) ..~icl~cc  (i:lta  to satisiy tllc \TIM objec t ives .  ‘1’ilc
k c y  clcl))cl~ts  of tbc oi~crations (tlll~illt ii)l :Ic(ollj])iisl]ill[},  these two princi])lc  objectives
illcilldcs:  (1) a S/(; scqucl]cin}!  stt<ili.~’} 111,11 lllll]ill]i~,c,.,  Illc scqucllcillg e f f o r t  wquircci,  whiic
lllaintainii~x  a sufficient icvc] of II II\!.101 :I(i;ill!ivily;  (;)) lllillilnlz~’ teal-time Inission contm]
sul}port  by rciial~cc  on an aut~)]~]:iic(l  (( ’lt II IrtI\ aiattll  lllol~i(ol-itlp,  t(x}] (\~AM1’11<11) tha t  a le r t s
ili~,ht  tcalu pcl-sonnci  in tllc cvctil  01 (~ll-(~ltcll~.lallcc~ S/(; co])(iilio]ls;” (3) auton]atc(i  o n - b o a r d

fault (ictcction  find safingforcriticjil  S’(’ OIIHI ‘Itlitics;  (.1) a iotls, (illlatioll onboar(i  science dala



Sequencing ,Slrfitcgy

‘]’]N VIM  SCqUCJICIIl~  St] al cp,y IS I ,,Y.L>(I  (III l~a~’illf~  a colttilluous]y  executing scqucncc of
rcpctitivc  scicllcc observations an(l  CtJ/c,lli(’(.’l  ItII c.al~lualit)lls  cal]cd a “baseline scqucncc” storccl
o]l-boatd  each S/[;. A l s o  stolcd  III III: W(i,I:IKC II ICmOIy of cxl~ SK? 1s the  SKU p o i n t i n g
itlfoltllalion  ncccssary to keep tll(:  (ml {:si}r,l  : { tl]c 1 I(;A poilltc(i at tllc }:alth  until approximately
20?.() ailowiny,  continuolls  col~lll~ll)jlcal  1~~1  ( ])<‘ ! ljlit~l  ~~illl  MCI) ,S/(’, Au[~,lncntation ofthc baseline
Scq[lcl]c.c  with IIon-repetitive scictll:c  01 CC41}J  111(1 I II)g CVCIIIS [Isc citli~] :11) “overlay scclucnce,  ” or a

“lllilli-sc(ltlcllcc.” ‘1’hc diffuclu  twlLi  ~LVI  llic: I t w o  tyll(s of  au~lltr[)tatioll scqucnccs is t h a t  the
overlay scqucllcc  operates fol a lixc(l  ijll ,’I \ d! I 1[’ til)lc, CNI ICIIt Iy six lm]]tl~s,  and contains all of
tllc basclil]c  s e q u e n c e  atlglllc;]t:itio]l!;  10) 11)(11 lill~c iltl(ual. ‘1’hc I I)il]i-  scqucncc is fbcuscci  on
accol~~plishillg  a single au~mcl~tatlml  ]]~(,~1 ;ill[l ] ttot a rcj’ulal  l}, scl~cd(llcd  activity but is done on
an as nccdc(i  basis, IIoth types 01 sc(~lic~)it.  aI, dc\IcloIIcd  aII(l t]a[lsl]tillcd from the ground.

II) tllc cvcllt command capal)ilil)’ IS I 1:;1, ;i]lotl]~]  SC(]IICIICC  CICIIICIIt, tllc “flackup  M i s s i o n
1 mad, “ (I IMI,) provides the IIIC(lI~IIII.IIJ f~II ( ,Iilill(lcd sc.icl]c(’  data acquisition without further

. p,roultd  i[ltcraction.  A 13 MI, is SI(]IC(I  ()])-1)[.,)(1 (acl~ SK all(i contains  tl~c nccessaly instructions
to Ino(iify  tivs continuously cxcclllill~.:  ius[l}’1( ~ i]aclIcc  1{) ]naitltaitl (I)c col]tinue(i return of basic
1:1’\3[  (iillil.

A l l  o f  tllcsc scqucncc  CICIIWIII!.  IISL jit L ~ lI:liIIcd,  and  v;ili(iatcd,  lIlocks o f  c o m m a n d s  t o

ac(mlnplisl~ spcciflc  SK: functio])s, \l’liil; (II, :tllility  ({J usc p]c.-(lciil~c(i  I)locks o f  comlnands
great 1 y rcxiuccs the effort requilc(i  to jI,(’1 ),1, ~ Ic ,, TI(i ~~aii(i:ltc  a scqIlcIIcc  of commands, there is an
incfkicncy  in the number  of IIICII)OI )’ \\(II (i, I (dc(i to ;Icconll)lish a :,ivcn function. ‘1’hc V I M
scicllcc (iata acquisition rcquilctl](’l)ls+  SU.111:11,. IIIfi slIiIf~.jT,y, ar)(i ai’ail:ib]c  CCS nlemory  space
support tllc  usc of prc-dcfincci  blocky of c II: II II; ‘i(is.

llaselinc Sequence

‘1’ilc basclit)c scqucl]ce i s  a  SC( oi II ISII  1{(1( I  IS stoIc(i ill [I)(: ( ’ (  ‘ S  [Ilcl]mry and colnpose(i  o f
rcpclitivc  S/(; activities which cxc,lltc  Li)II il,(lo ISly tlIIo LIg,lIo(It  the \’JM to lcturn the basic l~l)W
scic!m  data. lllcvcn  ‘lS/~ block  l~)litill~.~’ s 1)1 (,{ i]) tiIc (X’S ll]c I])0I% atc usc(i  by tile baseline
scqucllcc to accomplish tl)c clcsirc(i  S,(( ‘ i~l iJ l[i~’ 1)111 111}1, IIorlllal  ol~(:latiol~s,  each S/~ pcrforlns
the l-cpcliti~fc  b a s e l i n e  scqucncc SCICII( ( ;tll(i (IIj~II ,~crillj), a(tivilies (icsc[il)c(i ii) “ J ’ a b l e  3.

“ colllil)uous collcc(i(m and lCt LIIII  (If Ct(lis. ‘ \cc(lliol] [Ila I  l(i,4/Sllll scl Is(H calihatim
scicl)cu  (id[a at 160 bps ,[ <I IICLII’L. I (A S( ’AI.) c\ IcI,) () llloll(]ls

●  W e e k l y  ICcmdlllg of OIIC  flalllc of ) rlf:l] 1(; !({. ~ >.ccu[iotl (Jfa I’h41’(~A1  oJicc a II)mtl)  (Plasma
I’WS data \’,’avc,  hl;+~,  IIcIOIIlclCI  Sul>systctli,  J:icld l’al[iclcs

● play[muk Of six IIIOIItlIS  of Ic,c.m(kxi l’\~J S ,,i;tl \’l’avcs l’cI  io(li( lill{:il]ccljt]~( A Scimcc  Calibration)
C\ ’cl)’ () 111011111s ●  1>.. IfOIIII  l)]}~ital ‘1’al)c RcLoIdcI  ]Ilainlctlatlcc Iwicc a  ycal

“  cxccll(i(m  Ofa lllil~llClO1llCIC1  cali[)],lll(l]l It)ll I 11.IfblIII ~,yio  (()])(lltio]iit],p at)({ (’(’s tilllill[: t e s t  cvcly 3

lIliillC’Ll\rCl (MA GRO1 ,) CVc]y q IIK)IIt]IS lllollth\

‘1’al)lc  ,{ - II; IS II IIIIC  \rq IIcIIcc Acli\itics



overlay or Mini-Scquc I]cc

Overlay scqumccs  arc Itsc{{ t{) PIIIIIIII.111  tt~c (.:OIItIIIllollsl>~”  cxcculil){:  I)asclinc  scqucncc  and
ale prcpami  m] a regularly scllcdu]r.{1  Im]s,  CIII IcI)tly 6 lnontlts. “I’l  Ic ovmiay  scqucncc  pmvicics  a
mcc.hmism foI incorporating JIOt I ] t’1)11 II 1 U( scI.tIcc aild  cllgincciillp,  cvcllts into the S/C scqucncc
of activities cxccwting  in cr31nb II Ia[I(III /\~)tlI IIIC  bawlinc scqucII[c, ‘I’l Ic a c q u i s i t i o n  of lJVS
obscrva(iol~s, which rcquil-es  ]mi]llillp  of 1}),  S( IT I platfol 111,  is the ])1 il]laly cirivcr  for the rcgu]ar]y
schc{iuicxi  OVCI lay loads. Arou])(i  [II( f 1111,  (}j [, II Iury, lIIC  avaiiab]c  clwlt  ical power wiil no longer
sllpport  tllc usc of the scan illati’()]  III :Il](i  lIIC [ l\TS ill$tl LIt IICIlt. At tlla~ tilim,  the usc of’ overlay
scqucnccs  wili pmbabiy  cd an(i Inil)i  sr{~~kti{l  ~ will Iw llsc(i  to au~,illclll  the baseline scqucl~cc as
llcccicd.  ‘i’able 4 iists typical cvc]lts ill (JJ ~1 lit)’ :. I.quc IIcc.L,:

●  Ll\)S skilm a!)d IIcliosphc]ic  OIISCI Val IL III\. ‘  1  )’1’1{  I)l;l>’l)a(ks 10 J(Y’(IVC1  data  R’l)ca  (k tmcliae

●  IW(I addiliol)al MA(iRol. s pcI yc~~l lJLI sccl IIc IIct. ])lfiyl)ack  lv:ii not ca[It\IIcd on the gmaud;
SK’; . (KS’] l) S?AA(:S 1IICHI0I% t~ado(lts

●  acidltiollal  lti~:l~ l a t e  l’\VS lcco]ds aIIr.l u tI]Klalcs [~~ II MI.  and l’;iul( I’totvcticm Algoritl)ms
[)’[ R playb;i(’lw; ,  ll}c)(l)fi~’t~ltol]s  to tl:lwlltli’ SC(IIICI)(’C

“1’al~lr 4 .  (}IcIl;I~ Scql]tjlce  Aclivilici

]Iackup Mission load

'l'llcllh4i,  i)l()\~idcso  ll-t)o:~l(i:i  \lt()Il);ll[,i]  :{)tccli()]l  a~ainst Illr loss ofcollllllall(ic  al}al~ility
to bo(il SK’. Witimut  cx~lnlnat)(i  (iij ta~jillly. Ihc S/(’ ]]lusf ul]llilluc  to  opera te  with the
instructions prci~iously s~orc(i in tllc  (’(’S J)]{.itil  ,t }~. ‘1’iic i3Ml,,  ill Colljul)ction with tllc baseline
scqucl~cc, i]rovi(ics this autojnatmi  i)t ~~~(ct  it}ti  :~”:iin<t  lc~ss  of ct~l]~l))ali(i  capabili ty.  ‘1’hc llM1,
mwiifics tllc basclillc  scclucnce to i}IoII(lc 1 ‘l’\\/ \!:Ita f(M a~ Ionx as tl)c S/(; continues to function,
i]M i, nmiifics  ti~c b a s e l i n e  scqII(m~L  t ) 1111 I{ S/( :Iutivitirs :III(i  (w]liigures tile S/~ f o r
conlpatibiiity  will]  the 10ss ofcolntllati(i  <::ll:~llilll}’.

NJissiol] control  s u p p o r t  ]Ias tiIc )rj]l~)>l)ilitius  of lllol]itol]tlp,  S/(; l]caith, prinlarily  b y

mmiloring,  S/~ alarln limits, CIISUI  ill$:  tilt: i 1S!4 : (~)pol [ (Ic.c.liis  as ])ial~lic{i,  a]lci the tral~smission
and verification of’ commands. i)lllilt~l  tlNO ])) l~lc VcJj’a/:cl  lnissiol), Ica] time mission control
SUpi JO I-t was provi(icd  amumi  tllc i.l(xk \\I(lI I}IC rcciucui llig,l](  tCaIII staffing  (iuring  V I M  and
tllc acceptability of illcrcascd  risk d(]t itl[l,  tif) (:>!CI,I  i(:ci lltisslt~]l,  rc.ai tilllc  IIlissioll  control is iimitcd
to wcc.k(iay  prinlc  shift anti si~cci:il  of 1’ sllil[ t \cI]ts (c{~ll~lll~ll(iil~~:,  I )’1}<  ])iaybacks,  a t t i t u d e
nlallcuvcrs).  ‘1’hc ill]~llclllctltati(]ll  01” III( \’ A A1l’1 1(}{ aut(IIIIalc(i alal))l lnojlitoring  capabili ty has
Jlla(ic. t]]is  arrangcn)cnt  accei>tab]c  \\’ii]] (IJI1} a s]l~’1)1  1]](’lt’a<c ]]) tl]c risk to (iata acquisition [iue to
rcducc(i l)SN coor(iil~ation  duril~f~ s(llc(llll~.(i  ] ),Sh hacks



and AnoIntily RtIsl)o IIsc {;a]}al)ility

S/(: bas lault III (JICI. [itl:i Al[~,oI itllms (I; I’As) stord o n - b o a r d  t h a t  a r c
(I1C SK: t’lolll OIIIC1 Lt’1’>c I))issio]l-c atastlo])l]ic”  fdilwcs. ‘1’hcy a r c  m o s t l y

inlplcmcntcd  ill the Voyager’s (X ‘S, M Iii I(’ :) f’c}) alc ill tlIc AA(%. 111 tbc (X3, F3)As arc invoked
b y  illtct  rupts  l-cccivcd  frrnn cxto II;,} ::i v,{ !1 as  i]ttc]nal  (X:S s o u r c e s , and followcct  b y
prcpmgrammcd rcspcmscs. ‘1’al)lc 5 ~.ltsc:I ill~s I IIC fiic 1 I’As that .aIc c.~ltrcntly  storcci in the [XX.

.  AA(3  l’owcI  (Mc I’mccssil){,  ]I)(,lli[{);> ‘\. AI S  s(a[{ls  itl(iJIJna(i<)l}  aIId is\ucs plc-

]M ogIamIId IccovcI y rcspoI~sc. ill llIL  L (i ! (II ‘LAC~ anotna]ics,

●  [I(}l)llllaml  1.0ss -  switcl)cs IIJ  IC(IIIII(I:IIII  (  .IIIIIII:  I I  lc(cj]li(,}( ]lal(lw,arr  111111 ill 811 cffc)ll 10
l~wtablisll comnand Icccp(io!l  c;il,:~l)lllt: ill 11)[ u ~rcnl oi’a (cmltna)ld  II(II }>cil)p,  Icccivcd

WItl III I tlw spmficd  ttmc II It CIV<il  (Cwtl.fllj  :.C.:.  ,( 47, d:tysj,

●  Radio l’lcqucncy l’owcr  1 , 0 s s  .  II I(,IIIILII>  ‘\’  ;II(;  ‘; Imml (x( ilcl atd Ilallitllit(cl llaldwa~c,  and
swilcl)cs  to ]cdutldallt  units  if foil u]{.. !,. d [cl IL,:

● ( ’ ( ’ S  ]illor - Icspomls  [0 cui(ical ;I]IC,]I, ,1(, IS t ‘(’1 tIdfdJvaIC  and sof”tivalc t(ulditiolls. “Ihc
lL’slXmsC ty]~ically s t o p s  any oll ~oil)~ <c IN15 II( ( i; ’li Vi(i CS, j]laccs IIIC (“(’S  ill a kr)own

qulcsccnt s[a(c a n t i  waits fo} p,l(Iu IIIl :11 1[ I

● l)owcl Rcuwcl  y- responds to (( ‘S ((III  2 I( ~ (! ~~ ,lor tt i]) {JI S,‘/(’ I]]](ic]  \wltdf:c  ]) OU’C1

utili~atioll  comlit  ion by clill]ill;lli])~ 11,11 ,1,( 1  I,{(I II a ]Itcdckti[lillcd IIIZIIIIICI,
‘1’al)lc s - l’ii IIll I’tol(cti(lrt  Alp,otillltns

l’owcr  Rduction l’lan

<Tl( ], l)lll~,i~~(l IJY R’J’(i S.lllcctrica] power for the Voyd[:ri  ,,
the plutonium fuc] source, the clcc{]  iral  j<  I.)\L,CI  l)]o\’idc(l  by tl]c

1 JLIC to tl)c  radioactive decay of
1<’J’( is is continu[ill y declining,

with the current rate of decay twill:! ajl~ll(  IX II II
-
J: ltly  S.;) watts pcl year. ]n order to maintain an

adequate power margin, ii is ncccss:lt y 10 ] c! lodl(ally rcducc powm usap,e,  l)y turning off power
loads. “l”al~lc  6 sulnmarizcs  the kc>  lIIis.1011  \’llillj’,CS  lcs~)llin~:  f] (111~ IIIC pol$’cr  reduction plan for
the two S/[1. “1’his  plan prcscl-vc.s  lllr o])I;II(~tI  of tllc l’P\!~ insi[ ulncllts  (MAG, 1’1 ,S, 1,l{(;P,
(;1{S, I’WS, l)RA)  until a]>l>roxil)):ll(l? ;)O1 $ ;It JI ]Iic])  tii)]c  they u’il]  [w tllrtd off, onc at a time,
as llcccssal-y. ‘1’llc order of turn of[’  slIdll II ~i~>j~l(icllt ujmn tllc i]lstl  ull)c]lt  status at that time.

Voyaf!(] 1 Voyagcl  2
●  ‘1’cvlllina!c (JV d a t a  acq{lisition  :llMI M.; III  ])!illiu III (l]~cIati(tl]. -]()()\) ] 998

●  ‘1’cll)litlatc j~ylo opclations (h4A(ilt(ll N ‘\$,(’  / i i  calibiati~,l)s) ?1)()”/ 2004
●  Statt tull)it)~ off I;P\~’ imtlull)ctlls ?015 ?016

‘1’able  6 - Kc-y l’t)}vt’]  hl; II I:ip( Illent  l)]ivrtl  Rlissioli  (;lIa IIges

Voyagw Project  1 lomc  I’ng{:.

l;or more information and CIII  I(VI( SI it us of the Voyap,cx l’rojcct,  tllc World Wide Wcb
addtcss  of the Voyager l>rojcct  1 JOIII1: l’:iI!Ls  I s lit I: I :!hf a])loI .jl]l.l~nsa.  [:() \~/~~c~yaj~cr/v(  ~yagcr.lltll]l

l{ccol]l]]lcl]flafioils l~or (~olisidr]al ion IIy I’uture  Nfissions

i. I )csi~ll  tbc SK: data syslcn) to ]])(LI ~ xl~)litl,’ grould  systcIII illtcJ  [AcM,  and avoid r e q u i r i n g
unusual  data formats, data lno(ics, (icl 1 $L(I i“ ii~lllCtC:l S, etc.



ii.

. . .
111.

iv.

v.

vi.

vii.

IIuild ample margins into tlic .S([ 1 S\ II I,L, ySICI)IS (tt:lc(:{)]]]]]  ]~lllicati{)]}s,  electr ical  pow~r,

compute] ]ncmory, J~ropcll:tllt,  ftt. ] Iliat Ivil] clitl]ina[c  subsysfcm nlargin  management and

rc(iucc  rcquircci subsystcIIl  aI Ial ysis
IIcsign the data return plan to IIllllillliz( lltili~tition of I)SN rcsourccs. T]lis implies on-
board data storage capable of st(lli}l::  ~l:iy. ~vo~ III of (iata bcfblc. ~cquil  ing playback. Avoid
real time (iata rctmm lnissio]ls.
lncorpmatc  on-boarci subsyst  I.’ I II 11~11(1  ;Inalysislalann  lm~itolil~p,  capability that only
r e q u i r e s  ciownlinking tbc ttc]l(l :W:IIIYSI . an(i a l a r m  n)ol)itot itl~, paramctcm  for normal
opc.ratims.

If possib]c,  utilize sharcxi lllissl(~ll  (])tal  IOI)s  Ii’itll anothel  ])l(~jcct,  ‘1’his is fcasi[ilc if? the
shal-ing  ploiccts do not hai’r II II\ S):) II\ t II;It conflict with OIIC anotbcr in terms of peak
activity pu iocis; a unique  M(}S is ])! t J ~(lIItId aII(l; greatly ciIf’ltiIcI”It  olmrating  skills arc not
rcriuircci  to operate each Inissi(lll
M i n i m i z e  r e a l  tinlc missiol) (:(IIItI.Jl SIIIIlmI [ by illq)lcl)wl)til)j:  automatcci  m o n i t o r i n g

capabilities, i. c., a VA MI)l RI ;-lil;  c : l:i III I Il](milo]i]l[: aI)d I]otification tool.
l;ostcr a c.oncurrcnt  MOS- S/(’ (:1~)’ilt~ri  ~~ 1~1, p](~ccss. Iltilim  a simllaticm capabili ty to
d e v e l o p  a]l(i (icmonstratc  gv(IuI)d sy t(ll~j):lc(c~ali intclfacrs  aII(i c o m p a t i b i l i t y  a s  tllc S / C
Cvolvcs. “1’hcsc same gIouIId II(I(ih wit Iatci set vc to s[IppoI  [ {iclivcry  of scicncc  d a t a ,
suplmrt  inputs  to the uplink ]MtNcw, ,:f IL 511pport S/(; subsyslctns analysts in the event of
a S/(: anolm]y.
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